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Abstract: This paper presents an estimation of the quantities of WEEE arising for the Solar PV waste 
stream in Ireland up to the year 2050. Solar PV will be a new WEEE waste stream in Ireland, one which 
has a significantly longer lifetime compared to the majority of other WEEE streams. As such, the Solar 
PV WEEE recycling operations and considerations need to be financed. Estimations of the quantities 
of WEEE arising into the future will be essential for such financing decisions to be made at the present 
time. 
   The work presented in this research estimates the quantities of Solar PV arising across both 
residential and commercial installations for Ireland up to the year 2050. It also discusses some of the 





Through the EU waste policy1, Europe seeks to 
improve resource efficiency, recover valuable 
and critical raw materials from waste and 
protect both the environment and human 
health. Of the 5 levels in the waste hierarchy, 
recycling of end-of-life (EOL) products and 
potentially hazardous waste such as WEEE 
(Waste Electrical and Electronic Equipment) is 
one approach which helps us achieve these 
goals and strive towards a greener, more 
circular economy. 
Throughout Europe and elsewhere, the 
recycling of WEEE is realised through an 
Extended Producer Responsibility (EPR) 
scheme – producers are held responsible for 
the treatment or disposal of EOL products. This 
responsibility may be financial and/or physical, 
depending on the country – aiming to give 
producers an incentive to change product 
designs to more environmentally/circular 
economy friendly versions.  
In Ireland, B2C WEEE EPR is handled 
through a Producer Responsibility Organisation 
(PRO) on behalf of the producer(s). The PRO is 
responsible for the collection, sorting and 
recovery of WEEE on behalf of the individual 
producers, as well as meeting national/EU 
 
1 1 https://ec.europa.eu/environment/waste/index.htm 
collection and recovery targets. To finance 
these operations, the PRO charges each 
producer a membership fee based on WEEE 
generated.B2B Solar PV WEEE is currently 
handled under a self-compliance model. 
Most Electrical and Electronic Equipment (EEE) 
nowadays has a relatively short lifespan which 
facilitates financial predictions for product 
lifetime(s), when they will become WEEE and 
the resources needed to fund such recycling is 
well documented and understood. However, 
recent additions to the WEEE product 
categories include electric vehicle batteries and 
solar photovoltaic (PV) panels, devices which 
have significantly longer and more complicated 
lifetimes.  
In this paper, the authors consider the specific 
example of solar PV as a long-life WEEE 
product. Producers are now starting to place 
solar PV products on the Irish market but their 
capacity to fund recycling 10-20 years into the 
future is unconsidered. Ensuring that the WEEE 
collection system is adequately financed to 
achieve the mandatory collection and recycling 
obligations for these products provides a 
serious of new and distinct challenges to the 
EPR scheme and policy makers.  
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To address this, this paper presents a model 
and associated projections for future volumes 
of solar PV WEEE in Ireland. In the “Literature 
Review” section, the authors consider some of 
the academic literature relevant to solar PV 
research, modelling and projections. This is 
followed by the “Methodology” section, which 
presents the model developed for predicting 
these future levels of Solar PV WEEE. The 
“Results” section then presents the output of 
this model – the predicted levels of solar PV 
WEEE arising in Ireland until 2050, as well as a 
discussion regarding the associated financial 
flows for such long-life emerging technologies. 
The paper then concludes with the summary in 
the “Conclusions” section. 
 
Literature Review 
The E.U. Waste Electrical and Electronic 
Equipment (WEEE) Directive enforces the 
extended-producer responsibility principle, 
requiring all producers supplying PV panels to 
the E.U. market (national, international or 
global) to finance the costs of collecting and 
recycling end-of-life PV panels put on the 
market in Europe (Weckend et al., 2016). 
The directive was revised 
(2012/19/EU) to include specifics on end-of-life 
management of PV panels. The revised WEEE 
Directive entered into force on 13 August 2012, 
was implemented by E.U. member states by 14 
February 2014 and thus introduced a new legal 
framework for PV panel waste, to be 
implemented individually in each of the 28 E.U. 
member states. 
The “high-value recycling” approach to 
PV recycling is the preferred option, ensuring 
potentially harmful substances (e.g. lead, 
cadmium, selenium) are removed and properly 
treated, rare materials (e.g. silver, tellurium, 
indium) are to be recovered and recycled for 
future use, materials with high embedded 
energy value (e.g. silicon, glass) are also 
recycled, considering the quality of the 
recovered material in this process. 
In addition to these quotas and 
treatment requirements, the revised WEEE 
Directive also references measures specific to 
PV panels to prevent illegal shipments 
(European Parliament and Council, 20062) and 
new obligations for trade (Directive 
2012/19/EC, Art. 143). One example of this is 




of the PV panels on the environmental impact 
of the product. Other provisions include proper 
collection mechanisms and the acceptance of 
old products free-of-charge if a replacement is 
bought. 
To assist in this regard, the pan-
European PV CYCLE initiative (Larsen, 2009) 
was set up in 2007. PV CYCLE is a voluntary 
association established by leading PV 
manufacturers and fully financed by its member 
companies, allowing PV end-users to return 
defective panels at over 300 collection points 
around Europe. It covers the operation of the 
collection points with its own receptacles, 
collection, transport, recycling and reporting. 
Large quantities of panels (currently more than 
40) can be picked up by PV CYCLE on request. 
In some countries, PV CYCLE has established 
co-operatives and it encourages research on 
panel recycling.  
The environmental and socio-
economic impacts of the different end-of-life 
waste management options for PV panels have 
been widely reviewed and discussed in the 
literature (Mueller et al., 2008; Held, 2009; 
Wade et al., 2017; Deng et al., 2019).  
PV systems generate clean, emission-
free electricity. A typical PV system returns the 
invested energy for its manufacturing and 
installation within 0.7 to 2 years. From there, it 
then produces ~95% net clean renewable 
energy over a 25- to 30-year service lifetime 
(ISE and AG, 2019). For example, the typical 
energy payback time for CPV-systems in 
southern Europe is less than 1 year. A PV 
system located in Sicily with multi-Si modules 
has an Energy Payback Time of just one year. 
Conservatively assuming a 20-year lifespan, 
this kind of system can produce twenty times 
the energy needed to produce it. 
However, the PV system is not without 
drawbacks. The process of producing PV cells 
is energy intensive and most PV manufacturing 
plants still do not use energy produced from PV, 
a measure which would reduce their 
manufacturing carbon footprint significantly.  
In terms of composition and materials, 
two-thirds of globally manufactured PV panels 
are crystalline silicon (c-Si), typically composed 
of ~90% glass, polymer and aluminium (all non-
hazardous waste). However, they also include 
some hazardous trace materials such as silver, 
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comparison, are over 98% non-hazardous 
glass, polymer and aluminium, combined with 
around 2% copper and zinc (potentially 
hazardous), semiconductor or other hazardous 
materials. These include indium, gallium, 
selenium, cadmium, tellurium and lead 
(Weckend et al., 2016). 
PV recycling industry processes at 
present typically treats end-of-life PV panels as 
separate batches using existing general 
recycling plants. This allows for material 
recovery of major components such as glass, 
aluminium and copper for c-Si panels (with 
cumulative yields greater than 85% of total 
panel mass are possible). 
Such concerns and considerations for 
PV systems also feature prominently in the 
academic research. In (Chaudhary and Vrat, 
2017), for example, the authors consider the 
boom in solar panel installations in India and 
discuss the implications for the disposal of the 
end of life (EOL) solar panels in the future, 
assessing the lifetime energy payback time and 
carbon footprint for these PV panels. Estimating 
a lifetime of 25 years for these solar panels, 
projected EOL will occur in the late 2030s 
onwards. The authors highlight problems 
associated with the disposal of EOL solar 
panels and predict that these PV panels will 
constitute a major portion on India’s WEEE at 
this time. Analysing and considering best 
practices for PV panel recycling and 
management globally, the authors make 
specific recommendations for effective PV 
panel waste management in India.  
Elsewhere, (Heath and Engel-Cox, 
2020) also consider the question of PV EOL 
issues and their contribution to the global 
WEEE/e-waste situation. In 2014, global WEEE 
was estimated at 41.8 million metric tonnes, 
with PV WEEE contributing 0.1% of this. By 
2050, it is projected that PV panel waste could 
exceed 10% of global WEEE, with up to 78 
million tonnes of PV panel waste being created 
globally. The authors propose a circular 
economy solution to the problem, preparing the 
policies, systems and technologies to manage 
recycling and disposal of EOL PV waste. In this 
way, environmental impact and costs can be 
minimised while material recovery is 
maximised. 
 
Photovoltaics and PV systems are a 
fast growing market - the Compound Annual 
Growth Rate (CAGR) of PV installations was 
36.8% between year 2010 to 2018 (ISE and 
AG, 2019). Worldwide PV installations were 
~400 gigawatts (GW) in 2017 and are expected 
to reach 4500GW by 2050. 
In 2017, China & Taiwan accounted for 
70% of worldwide PV module production, with 
the Rest of Asia-Pacific & Central Asia 
(ROAP/CA) producing 14.8% of the global 
supply. Europe contributed 3.1% (compared to 
4% in 2016) while USA/CAN produced 3.7%. In 
terms of PV installations in 2018, 25% of the 
global total cumulative PV installations were 
located in Europe as opposed to 36% located 
in China. For 2017, installations in Europe 
stood at 26% with China accounting for 32% of 
all installations that year. 
Global installed PV capacity reached 
222GW at the end of 2015 and is projected to 
reach 4,500GW by 2050 (Weckend et al., 
2016). For 2050, high cumulative deployment 
rates are predicted for China (1,731 GW), India 
(600 GW), the United States (US) (600 GW), 
Japan (350 GW) and Germany (110 GW). From 
this report, for 2016, cumulative global PV 
waste streams reached 0.1%-0.6% of the 
cumulative mass of all installed panels (4 
million metric tonnes). By 2030, this figure will 
have increased to the equivalent of 4% of 
installed PV panels at that time, with waste 
amounts by the 2050s (5.5-6 million tonnes) 
almost matching the mass contained in new 
installations (6.7 million tonnes). Recycling or 
repurposing these PV panels at EOL in a 
circular economy fashion by 2050, the 
estimated value of the recovered material from 
PV panels alone could exceed USD 15 billion. 
PV Systems comprise more than just 
the PV cells – other major components in any 
PV system include the inverter, battery, 
transformer and balance of system (BOS) – the 
control electronics, fixtures and mounting 
fixtures which comprise the remainder of the 
system. Researchers such as (Domínguez and 
Geyer, 2017) have found that in countries such 
as Mexico, the physical PV modules comprise 
only 55% of the material contained in PV 
systems, the remainder being made up by the 
inverters, batteries and BOS. The authors 
estimate that close to 1 million metric tonnes of 
different metals are contained in this PV-waste 
stream over the next 30 years, broken down 
into 42% Fe, 26% Al, 26% Si and 5% Cu. The 
same authors performed a similar comparison 
for the United States (Domínguez and Geyer, 
2019), projecting a figure of 9.8 million metric 
tons (Mt) of PV waste to be generated between 
2030 and 2060. Of this, the physical PV module 
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makes up only 67% of the overall system waste 
- 6.6 Mt of the waste are PV modules, with the 
remainder being 2.7Mt of BOS, 0.3Mt of 
inverters and 0.2 Mt of transformers. 
 
Methodology 
This section of paper presents the methodology 
used to develop the model for projecting the 
future volumes of solar PV WEEE in Ireland. 
The model used for predicting the Solar PV 
levels for Ireland is as shown in Figure 1. 
 
 
Figure 1. Modelling the Solar PV flow for Ireland 
 
The model divides the Solar PV installation(s) 
in Ireland into two separate categories: - 
residential (B2C) installations and 
Commercial/Solar Farm (B2B) installations. For 
the residential installation, the model uses data 
collected from the Sustainable Energy Authority 
of Ireland (SEAI) and, in particular, the Building 
Energy Rating (BER) database. The database 
was interrogated for the number of houses with 
renewable energy sources/microgenerators in 
order to determine the number of solar panels 
currently installed across the Republic of 
Ireland. From these figures for the years 2010-
2019, installation number(s) for the years 2020-
2030 were then projected/extrapolated. For the 
commercial/solar farm installations, Ireland is 
currently installing the first set of solar farm(s) 
across the country. Based on these figures and 
information kindly provided from members of 
the ISEA (Irish Solar Energy Association), a set 
of Placed-On-Market (POM) figures for 
commercial solar panel installations for the 
years 2021-2030 was compiled.  
Once the Solar PV install base within 
Ireland had been established, the next step in 
the process was the projection of future 
volumes of Solar PV panels using a lifespan 




was used in order to model the expected 
lifetime of the products, with a lifetime index of 
25 years and scaling other Weibull parameters 
as specified in the EU WEEE Calculation Tool4. 
Taking as input(s) the number of solar panel(s) 
placed on the market in each year, the model 
predicts the return of these products as WEEE 
arising over the course of their lifetime. By 
compiling and collating all of these figures for 
both residential and commercial installations, a 
full picture of the level(s) of Solar PV in Ireland 
going forward is obtained. 
It should be noted that for the WEEE flows 
analysis of Solar PV in Ireland, the situation is 
simplified by a number of factors. For the Solar 
PV output flow, there is negligible export of 
second-hand/used Solar PV panels from the 
country for remanufacture or reuse. Similarly, at 
present there is no reuse market within Ireland 
for second-hand Solar PV panels. Both of these 
factors simplify the flows analysis for the 
modelling but future work will be required to 
correct for this if these practices emerge. 
Likewise, incorrect disposal through scrap 
collections will need to be monitored. These 
model findings are presented in the next section 
of the paper. 
 
Results 
The Solar PV WEEE arising predictions 
obtained from this research are presented in 
this section. The predicted levels of WEEE 
arising for Solar PV panels have been divided 
out into residential (B2C) WEEE, commercial 
(B2B) and total (i.e. the sum of both residential 
and commercial) WEEE. 
Figure 2 shows the Solar PV WEEE 
predictions for the residential (B2C) Irish market 
until the year 2050. 
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Figure 3 shows the comparable Solar PV 
WEEE predictions for the commercial (B2B) 
sector in Ireland for the years up to 2050. 
 
 
Figure 3. Solar PV Commercial WEEE Arising 
for Ireland 
 
Finally, Figure 4 shows the cumulative Solar PV 
WEEE predictions for Ireland for the years 2011 
to 2050. This is obtained by summing the 




Figure 4. Solar PV Total WEEE Arising for 
Ireland 
 
As can be seen from the figures, expected 
levels for commercial Solar PV WEEE (up to 
300,000 units per year) far exceed the amount 
of WEEE arising from residential solar panel 
installations (up to 65,000 units per year). This 
yields a cumulative expected return rate of up 
to 300,000 Solar PV panels per year returning 
as WEEE into the WEEE recycling stream 
before 2050. 
In order to process this waste stream 
and finance the environmentally sound 
recycling of this WEEE, two distinct financing 
options for long-life solar PV WEEE are 
considered. These options are to charge 
current producers as they place products on the 
market (referred to as the “pay when placed” 
model) or deferring the charges until the 
products present for recycling (referred to as 
the “pay when collected” model). Both schemes 
have associated advantages and 
disadvantages which need to be considered. 
While the “pay when placed” model is fair and 
ensures the existence of a fund, it incurs 
additional management overheads and has an 
associated degree of uncertainty regarding the 
funds into the future. The “pay when collected” 
model finances based on market share and 
only pays when actually recycling the products, 
there is the risk that companies may not be as 
long-lived as their products (resulting in 
“orphan” products which need to be recycled). 
Furthermore, the market is heavily influenced 
by policy and so could change drastically 
between the time the product is placed on the 
market and when it is subsequently collected 
for recycling. This is doubly true in terms of 
“long life” WEEE products such as Solar PV 
panels. Understanding the financial flows 
associated with these options based on the 
WEEE quantities expected will prevent 
unsustainably high recycling costs when very 
large quantities of these PV panels appear for 
recycling in the future. 
 
Conclusion(s) 
This paper has presented a set of predictions 
for the quantities of WEEE arising from Solar 
PV panels for Ireland into the future. Solar PV 
panels are one of a series of EEE streams 
which exhibit a long use phase/lifetime and are 
therefore very different from other EEE streams 
which have very short lifetimes before being 
recycled. In Ireland, Solar PV is still very much 
in its infancy and as such, it is the ideal time to 
quantify or project future levels of WEEE arising 
from this waste stream in order to schedule 
recycling costs and capabilities for the waste 
stream into the future. 
To this end, a wastes flow model for the Solar 
PV WEEE stream in Ireland has been created 
as part of this research. This model has 
predicted levels of residential and commercial 
WEEE arising in Ireland as far into the future as 
2050, with the results presented in this paper. 
Solar PV WEEE amounts are expected to rise 
to 300,000 solar panels per year being returned 
for recycling within Ireland by this time. A 
discussion on some of the potential financing 
considerations and options available to fund 
this new recycling stream in Ireland is also 
presented. 
Future research will concentrate on these 
financial flows, modelling the Solar PV 
projections and financial flows associated with 
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financial tools and options available to recyclers 
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